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In theoretical investigations of frictional contact of solids the
Coulomb’s law of friction is commonly used (Kragelsky et al.,
1982). On the one hand, this law presents the simplest linear
relation, Q = ±fP, between the tangential traction Q and normal
pressure P appearing at contact interface. Here f stands for the
friction coefﬁcient. The sign ‘‘+’’ or ‘‘’’ in this relation can be
chosen in view of the fact that frictional forces oppose the instan-
taneous relative motion of the solids boundaries. On the other
hand, the Coulomb’s law is quite adequate and sufﬁcient for
description of dry friction in many technical applications.
According to the Coulomb’s law, every point of the contact area
can be either in stick state, for which the condition jQj < fP is
satisﬁed; or in slip state, for which jQj = fP. The case of sliding is
a limiting case, for which the equality jQj = fP is valid for every
point of the contact area.
In literature, two types of frictional contact are distinguished
(Johnson, 1985): (i) sliding contact; (ii) stick–slip contact, for
which contact region is subdivided into stick zone and slip zone.
In our paper, we restrict our attention with the latter type of
contact. Thus the review of literature on sliding contact seems to
be unnecessary.
The problems of stick–slip contact are quite complicated, since
the slip zones and stick zones are not known a priori. In the rele-
vant literature, the majority of works are devoted to the contact
of bodies with non-conforming boundaries. According to thell rights reserved.
lanchuk).classiﬁcation by Johnson (1985), non-conforming surfaces have di-
verse proﬁles: initially such bodies touch each other at a point or
along a line; and under load the contact area remains small in com-
parison with dimensions of the bodies. The boundaries of solids are
conforming when they exactly match each other or their proﬁles
are almost similar before deformation. When those solids are in
contact, the contact area becomes comparable with signiﬁcant
dimensions of the bodies.
It seems that Cattaneo (1938) was the ﬁrst who had solved the
problem of stick–slip contact of non-conforming solids. He
considered the solids of similar materials being exerted by normal
loading (Hertzian contact) following by monotonically increasing
tangential loading. After this pioneering paper, a great number of
works has been devoted to solving the stick–slip contact problems
for solids with non-conforming surfaces of similar and dissimilar
materials with various scenarios of loading by normal and tangen-
tial forces. The extensive survey of these works, one can ﬁnd in the
papers by Urriolagoitia Sosa and Hills (1999), Barber and Ciavarella
(2000), and in the books by Johnson (1985), Hills et al. (1993),
Ostryk and Ulitko (2006).
Investigations on the stick–slip contact of conforming bodies
were initiated in 80’s of XX century by the series of papers by
Barber, Comninou, Dunders and Schmueser. They considered a
layer initially pressed against a half-space. At the contact interface,
the zones of slip are arisen due to monotonically increasing both
normal (Comninou et al., 1980a) and tangential force (Schmueser
et al., 1981), and oscillating inclined force (Comninou and Barber,
1983) applied at the outer boundary of the layer. In (Schmueser
et al., 1980b), the separation of a layer and a rigid foundation
due to tensile loading accompanying by slip over two symmetric
zones adjacent to the gap region has been examined.
Fig. 1. Contact of two bodies with surface groove (the initial relief of surfaces is
shown by dashed line).
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problems for conforming bodies has been investigated. These
works deal with contact interaction of bodies having small geo-
metrical irregularities of surfaces (recesses, grooves, pits, etc.)
which lead to imperfect contact of bodies and arising gaps at con-
tact interface. Martynyak et al. (2006) have solved stick–slip con-
tact problem for two half-planes of similar materials with a
surface groove for incomplete contact of the bodies. The bodies
were subsequently subjected to the normal pressure and then
shear loading. The alternative scenarios of loading, namely, by
simultaneous normal and shear tractions which remain propor-
tional to each other, have been studied (Martynyak et al., 2005).
The mathematical technique for solving the stick–slip problems
for contacting solids with local surface irregularities has been
developed earlier for frictionless contact (Shvets et al., 1996) and
for sliding contact (Martynyak and Kryshtafovych, 2000) by means
of the method of intercontact gaps.
When the contacting bodies are subjected to heating, the ther-
mal deformations can also cause local slip. Pauk (2007) studied the
thermally induced slip effect on stress distribution under a punch
indenting into an elastic half-space. This problem belongs to non-
conforming contact problems.
This paper is aimed to study the local slip of contacting solids
with conformable boundaries caused by thermal deformations.
We consider the frictional contact of two semi-inﬁnite elastic sol-
ids with a local gap due to initial geometric irregularity (e.g., a
surface groove) in one of the bodies. First, we formulate the prob-
lem under assumption of stick of solids by the whole region of
their mechanical contact. However, analysis of the contact stres-
ses showed that these stresses do not ﬁt the Coulomb’s law.
According to this law, the level of tangential stress could not
exceed the value of normal pressure multiplied by friction coefﬁ-
cient, otherwise the slip occurs. The cause of the violation of the
Coulomb’s law is thermal stresses in the regions adjacent to the
gap. Thus, as a next step, the problem formulation is ‘‘corrected’’
by taking into account the existence of slip zones adjacent to the
gap.
2. The stick contact problem
2.1. Formulation of the Problem
Let us consider two semi-inﬁnite isotropic elastic solids. One of
them, D1, is bounded by a surface groove of small depth. The solid
D2 has a plane boundary. The solids are referred to the Cartesian
coordinate system (x,y,f) as shown in Fig. 1 (axis f is directed along
generatrix of the groove). The boundary shape of body D1 is de-
scribed by the smooth function
rðxÞ ¼ r0ð1 x
2=b2Þ3=2; jxj 6 b;
0; jxjP b:
(
ð1Þ
where r0 and 2b are the maximal depth and length of the groove,
respectively, and 0 < r0/b << 1. The groove occupies the region
jxj 6 b. The solids are being in stick contact by uniform pressure P,
which is applied at points of inﬁnity. In our investigation, we as-
sume that materials of the solids are identical (they has identical
Poisson’s ratio m1 = m2 = m, modulus of shear G1 = G2 = G, coefﬁcients
of thermal conductivity k1 = k2 = k, and thermal expansion
a1 = a2 = a). Due to the local perturbation of the boundary of body
D1, the contact of solids is realized at plane y = 0 with exception
for a local region, where an intersurface gap is arisen. The faces of
the gap are free of stresses. The height h(x) and length 2a of the
gap are unknown a priori.
Because the identity of the materials and symmetry in the
mechanical loading, the contact interface is a symmetry plane.Due to this reason, there will be no tangential stresses and slip dis-
placements at the contact interface.
In addition to the mechanical loading, the bodies are subjected
to the thermal loading due to the heat ﬂux q, which is applied at
inﬁnity transversally to the contact interface. The gap is thermally
insulated which leads to the perturbation of temperature ﬁeld and
to the temperature jump c(x) at the gap (Comninou and Dundurs,
1980; Shvets and Martynyak, 1985). The thermal contact of solids
is assumed to be perfect beyond the gap.
Because of the far-ﬁeld heat ﬂux condition and identity of the
materials, the heat conduction and thermoelasticity problems are
antisymmetric. Therefore the contact pressure and the size of the
gap are unaffected by the thermal displacements.
The considered problem lies in determination of the gap region
and the stress–strain state of the solids, paying much attention on
the distribution of tangential and normal contact stresses in the
neighbourhood of the gap.
Under the above assumptions, the problem appears to be two-
dimensional with the following boundary conditions:
Tðx;0Þ ¼ Tþðx;0Þ; qy ðx;0Þ ¼ qþy ðx;0Þ; ð2Þ
ry ðx;0Þ ¼ rþy ðx;0Þ; sxyðx;0Þ ¼ sþxyðx;0Þ; ð3Þ
uðx;0Þ ¼ uþðx;0Þ; vðx;0Þ  vþðx;0Þ ¼ rðxÞ; ð4Þ
at the contact interface beyond the gap y = 0, jxjP a;
qy ðx;0Þ ¼ qþy ðx;0Þ; qþy ðx;0Þ ¼ 0; ð5Þ
rþy ðx;0Þ ¼ ry ðx;0Þ; ry ðx;0Þ ¼ 0; ð6Þ
sþxyðx;0Þ ¼ sxyðx;0Þ; sxyðx;0Þ ¼ 0; ð7Þ
at the gap y = 0, jxj < a; and
qyðx;1Þ ¼ q; qxðx;1Þ ¼ 0; ð8Þ
ryðx;1Þ ¼ P; sxyðx;1Þ ¼ 0; 1 < x < 1; ð9Þ
rxð1; yÞ ¼ 0; sxyð1; yÞ ¼ 0; 1 < y < 1; ð10Þ
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qy = k  @T/@y are the components of the vector of heat ﬂux; u
and v are the components of the displacement-vector; ry, rx, and
sxy are the component of stress-tensor; superscripts ‘‘+’’ and ‘‘’’
denote the limit values of functions at the interface in D2 and D1,
respectively.
2.2. Solution of the problem
Let us represent the temperature, heat ﬂuxes, stresses and the
derivatives of displacements through the complex potentials
(Muskhelishvili, 1953a; Prusov, 1972) in the form guaranteeing
the satisfaction of conditions at inﬁnity (8)–(10) (Shvets and
Martynyak, 1985; Martynyak et al., 2003)
Tðx; yÞ ¼ Re WðzÞ þ iq
k
z
 
;
qx  iqy ¼ kW0ðzÞ  iq;
ry  isxy ¼ UlðzÞ UlðzÞ  ðz zÞU0lðzÞ  P;
2Gðu0 þ iv 0Þ ¼ jUlðzÞ þUlðzÞ  ðz zÞU0lðzÞ
þ bWðzÞ þ 3 j
4
P; z 2 Dl; l ¼ 1;2; ð11Þ
where z ¼ xþ iy; i ¼
ﬃﬃﬃﬃﬃﬃﬃ
1
p
; j ¼ 3 4m; b ¼ 2að1þ mÞG; U1ðzÞ;
U2ðzÞ, and W(z) stand for piecewise-analytic functions vanishing
at inﬁnity (U1(1) =U2(1) =W(1) = 0).
We deﬁne the complex potentials W(z), U1(z), and U2(z)
through groove’s height function r(x), temperature jump function
c(x) = T(x,0)  T+(x,0), relative tangential shift of boundaries
U(x) = u(x,0)  u+(x,0), and gap’s height function h(x) (Shvets
and Martynyak, 1985; Martynyak et al., 2003; Martynyak et al.,
2006):
WðzÞ ¼  1
2pi
Z a
a
cðtÞdt
t  z ;
U1ðzÞ ¼ ð1Þ
lG
pið1þ jÞ
Z a
a
U0ðtÞdt
t  z  i
Z b
b
r0ðtÞdt
t  z  i
Z a
a
h0ðtÞdt
t  z
(
að1þ mÞ
Z a
a
cðtÞdt
t  z

;
U2ðzÞ ¼ U1ðzÞ; z 2 Dl; l ¼ 1;2: ð12Þ
From representations (11) and (12), we can ﬁnd the limiting values
of the normal component of heat ﬂux, normal and tangential stres-
ses at the contact surface
qyðx;0Þ ¼
k
2p
Z a
a
c0ðtÞdt
t  x þ q; jxj < 1; ð13Þ
ry ðx;0Þ ¼
2G
pð1þ jÞ
Z b
b
r0ðtÞdt
t  x þ
Z a
a
h0ðtÞdt
t  x
( )
 P; jxj < 1;
ð14Þ
sxyðx;0Þ ¼ 
2G
pð1þ jÞ
Z a
a
U0ðtÞdt
t  x  að1þ mÞ
Z a
a
cðtÞdt
t  x
 
; jxj < 1:
ð15Þ
The complex potentials (12) have been constructed in such way that
they satisfy boundary conditions of the original problem (2)–(7)
with exception for second conditions in every of Eqs. (5)–(7). Sub-
stitution of expressions (13)–(15) into latter relations yields a set
of three singular integral equations for determination of three un-
known functions c(x), h(x), and U(x):1
p
Z a
a
c0ðtÞdt
t  x ¼ 2
q
k
; jxj 6 a; ð16Þ
1
p
Z a
a
h0ðtÞdt
t  x ¼
3r0
b
x2
b2
 1
2
 
þ P 1þ jð Þ
2G
; jxj 6 a; ð17Þ
1
p
Z a
a
U0ðtÞdt
t  x  að1þ mÞ
Z a
a
cðtÞdt
t  x ¼ 0; jxj 6 a: ð18Þ
By taking into account the physical meaning of the functions c(x),
h(x), and U(x), they should meet the following conditions:
cðaÞ ¼ 0; ð19Þ
hðaÞ ¼ 0; h0ðaÞ ¼ 0; ð20Þ
UðaÞ ¼ 0: ð21Þ
The second condition of (20) means smooth closure of gap’s faces.
By solving the singular integral Eqs. (16)–(18) (Muskhelishvili,
1953b) and taking into account conditions (19)–(21), we deter-
mine the functions of temperature jump, height of the gap and rel-
ative tangential shift of boundaries:
cðxÞ ¼ 2qa
k
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 x
2
a2
r
; jxj 6 a; ð22Þ
hðxÞ ¼ r0ða=bÞ3 1 x
2
a2
 3
2
; jxj 6 a; ð23Þ
UðxÞ ¼ að1þ mÞaq
k
x
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 x
2
a2
r
; jxj 6 a: ð24Þ
Note that the bounded solution of Eq. (17) exists when RHS of (17)
satisﬁes the following equality (Muskhelishvili, 1953b):Z a
a
3r0
b
t2
b2
 1
2
 
þ 1þ j
2G
P
 
dtﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
a2  t2
p ¼ 0:
After straightforward calculations of this integral, we obtain the
semi-length of gap
a ¼ b
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 bð1þ jÞP
3Gr0
s
: ð25Þ
By meaning use of relations (23), (24) and (22) the normal (14) and
tangential (15) contact stresses appears as
ry ðx;0Þ ¼
6Gr0
ð1þ jÞb
1
2
1 a
2
b2
 
 a
2
b2
x
a
			 			
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2
a2
 1
r" #
 P; a 6 jxj 6 b;
ry ðx;0Þ ¼
6Gr0
ð1þ jÞb
x
b
			 			
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2
b2
 1
s
 a
2
b2
x
a
			 			
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
x2
a2
 1
r"
þ 1
2
1 a
2
b2
 
 P; jxjP b; ð26Þ
sxyðx;0Þ ¼ 
2Gað1þ mÞqa
kð1þ jÞ signx
x2
a2
 1
 12
; jxjP a: ð27Þ2.3. Numerical results
It can be seen from (26) and (27) that normal stresses in the
neighborhood of gap are bounded while tangential stresses are
unbounded. It means that the condition of stick jsxyj < fjryj is vio-
lated in the vicinity of the points x = ±a (see Fig. 2). This ﬁgure pre-
sents the distribution of normal stress multiplied by the friction
Fig. 2. Distribution of the contact stresses.
Fig. 3. Local slip in the vicinity of gap (the initial relief of surfaces is shown by
dashed line).
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tangential stresses jsxyj, where sxy ¼ sxy=G is shown by solid curves
1 ðq ¼ 103Þ and 2 ðq ¼ 6  103Þ, at the contact surface under pres-
sure P ¼ 8:4  103ðP ¼ P=G; a ¼ a=b ¼ 0:4Þ, coefﬁcient of friction
f = 0.1, maximal depth of the groove r0 ¼ r0=b ¼ 0:01 and Poisson’s
ratio m = 0.25 for some values of heat ﬂux qðq ¼ bqb=kGÞ.
Thus, the assumption of stick through the entire contact inter-
face leads to the physically unacceptable solution. To get around
this difﬁculty, the formulation of problem can be ‘‘corrected’’ by
assuming that the local slip of the boundaries occurs in the zones
surrounding the intersurface gap. In the following treatment, we
consider the ‘‘corrected’’ formulation.
3. The stick–slip contact problem
3.1. Formulation of the Problem
Because of identity materials, the frictional slip does not inﬂu-
ence the contact normal stresses, the height of gap, and the jump
of temperature. They are the same as in the problem of stick con-
tact (without slip).
Due to symmetry of the problem, the slip of the bodies occurs
on the regions (c,a) and (a,c) which are symmetric with respect
to y-axis (Fig. 3). Note that the parameter c is unknown a priori. It
is determined from the condition of boundedness of tangential
stresses sxy at the points x = ±c.
The problem is to determine the slip zones and study inﬂuence
of the local slip in the vicinity of the gap on the stress–strain state
of the contacting couple.
Boundary conditions of the problem stick–slip contact are as
follows:
qy ðx;0Þ ¼ qþy ðx;0Þ; qþy ðx; 0Þ ¼ 0;
rþy ðx;0Þ ¼ ry ðx;0Þ; ry ðx; 0Þ ¼ 0;
sþxyðx;0Þ ¼ sxyðx;0Þ; sxyðx; 0Þ ¼ 0;
ð28Þ
at the gap y = 0, jxj < a;
Tðx;0Þ ¼ Tþðx;0Þ; qy ðx; 0Þ ¼ qþy ðx; 0Þ;
ry ðx;0Þ ¼ rþy ðx;0Þ; vðx; 0Þ  vþðx;0Þ ¼ rðxÞ;
sxyðx;0Þ ¼ fry ðx;0Þsignx; sxyðx;0Þ ¼ sþxyðx; 0Þ;
ð29Þ
at the slip zones y = 0, a 6 jxj 6 c; andTðx;0Þ ¼ Tþðx;0Þ; qy ðx;0Þ ¼ qþy ðx;0Þ;
ry ðx;0Þ ¼ rþy ðx;0Þ; sxyðx;0Þ ¼ sþxyðx;0Þ;
uðx;0Þ ¼ uþðx;0Þ; vðx;0Þ  vþðx;0Þ ¼ rðxÞ;
ð30Þ
at the stick zones y = 0, jxjP c.
The conditions at inﬁnity are given by (8)–(10).
Note that the relative tangential shift of boundaries U(x)– 0 at
the gap jxj < a and at the slip zones a 6 jxj 6 c.
3.2. Solution of the problem
In this case the complex potentials that satisfying the condi-
tions at inﬁnity (8)–(10) and conditions (28)–(30), with exception
for the sixth conditions in (28) and ﬁfth condition in (29), are given
by expressions
WðzÞ ¼  1
2pi
Z a
a
cðtÞdt
t  z ;
U1ðzÞ ¼ ð1Þ
lG
pið1þ jÞ
Z c
c
U0ðtÞdt
t  z  i
Z b
b
r0ðtÞdt
t  z  i
Z a
a
h0ðtÞdt
t  z
(
að1þ mÞ
Z a
a
cðtÞdt
t  z

;
U2ðzÞ ¼ U1ðzÞ; z 2 Dl; l ¼ 1;2; ð31Þ
where h(x), a, and c(x) are given by formulas (23), (25) and (22),
respectively.
The contact normal and tangential stresses are expressed as
ry ðx;0Þ ¼
2G
pð1þ jÞ
Z b
b
r0ðtÞdt
t  x þ
Z a
a
h0ðtÞdt
t  x
( )
 P; jxj < 1;
ð32Þ
sxyðx;0Þ ¼ 
2G
pð1þ jÞ
Z c
c
U0ðtÞdt
t  x  að1þ mÞ
Z a
a
cðtÞdt
t  x
 
; jxj < 1:
ð33Þ
By virtue of the presentations (32) and (33) into the sixth con-
dition (28) and into the ﬁfth condition (29), we get the singular
integral equation for the function U(x)
Fig. 4. The jump of temperature.
Fig. 5. Dependence of the semi-length of slip zone on the heat ﬂux.
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p
Z c
c
U0ðtÞ  að1þ mÞ cðtÞ; jxj 6 a
0; a < jxj 6 c
  
dt
t  x
¼ 0; jxj 6 a;1þj
2G fryðx;0Þsignx; a 6 jxj 6 c:
(
ð34Þ
The function U(x) should satisfy the following conditions:
UðcÞ ¼ 0; UðcÞ ¼ 0; ð35Þ
U0ðcÞ ¼ 0; U0ðcÞ ¼ 0: ð36Þ
The conditions (35) follow from the continuity of relative tangential
shift of the boundaries. The conditions (36) provide the tangential
stresses to be bounded at the points x = ±c.
The contact normal stresses ry(x,0) are given by formula (26).
By taking into account conditions (36), we ﬁnd the bounded
solution of Eq. (34) as
U0ðxÞ ¼ 2að1þ mÞqa
k
MðxÞ þ 1þ j
2G
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  x2
p
p

Z c
c
LðtÞdtﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  t2
p
ðt  xÞ
; jxj 6 c: ð37Þ
Here MðxÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 x2=a2
p
; jxj 6 a;
0; a 6 jxj 6 c

and
LðxÞ ¼ 0; jxj 6 a;fryðx;0Þsignx; a 6 jxj 6 c:

stands for RHS of Eq. (34).
For calculation of the integral in RHS of equality (37), we use a
piecewise-linear approximation of the function L(x). The interval
[c,c] is divided onto n equal intervals ½x0; x1; . . . ; xn1; xn½ , where
xj ¼ c þ 2cn j and j = 0,1,2, . . .,n. Then, at each interval [xj,xj+1], the
function L(x) can be approximated by linear function Ajx + Bj, where
Aj ¼ Lðxjþ1ÞLðxjÞxjþ1xj and Bj = L(xj)  Ajxj. Using this approximation, equal-
ity (37) appears as
U0ðxÞ ¼2að1þ mÞqa
k
MðxÞ  1
p
Xn
j¼0
Aj
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  x2
p
arcsin
xjþ1
c


h
 arcsin xj
c

 x
2
ðCðc; x; xjþ1Þ  Cðc; x; xjÞÞ

Bj
2
Cðc; x; xjþ1Þ  Cðc; x; xjÞ
 
; jxj 6 c; ð38Þ
where Cðc; x; nÞ ¼ ln c2nxþ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðc2x2Þðc2n2Þ
p
c2nx
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðc2x2Þðc2n2Þ
p .
By integrating equality (38) and taking into account the ﬁrst
condition in (35), we get the relative tangential shift of boundaries
U(x).
From the second condition (35) we yield the equality
Xn
j¼0
Aj
c2
2
arcsin
xjþ1
c
 arcsin xj
c

 
 1
2
xjþ1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  x2jþ1
q

xj
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  x2j
q 
 Bj
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  x2jþ1
q

ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c2  x2j
q
 
¼ að1þ mÞqa
2p
k
ð39Þ
which links the size of the slip zone and heat ﬂux.
Substituting expressions (38) and (22) into relation (33), we
ﬁnd the tangential stresses sxy at the contact interface.
It is well known (Johnson, 1985) that solutions of frictional
problems depend on the loading scenario. Here we have con-
structed the solution of the thermoelastic stick–slip problem for
bodies, which are subjected to the normal pressure and then to
heat ﬂux subsequently. Solution to the problem will be different
for other loading scenarios (instance, if the normal pressure and
the heat ﬂux are increased from zero in proportion, or if the normal
loads and/or the heat ﬂux vary periodically in time what leads tocyclic slip). The latter loading scenario is interesting for studying
in the thermomechanical fretting fatigue.3.3. Numerical results
The results of numerical calculations are presented in Figs. 4–7.
The calculations were performed for x ¼ x=b; a ¼ a=b; c ¼ c=b;
r0 ¼ r0=b; U ¼ U=b; P ¼ P=G; c ¼ kc=q; q ¼ aqb=k; ry ¼ ry=G;
sxy ¼ sxy=G; f ¼ 0:1; r0 ¼ 0:01; m ¼ 0:25.
The jump of temperature c for some values of normal loading,
P ¼ 36  104 (curve 1), P ¼ 64  104 (curve 2), P ¼ 84  104 (curve
3), and P ¼ 96  104 (curve 4), is shown in Fig. 4. The temperature
jump decreases when the normal loading increases. The maximum
value of the temperature jump is reached at the center of gap.
Fig. 6. The relative tangential shift of boundaries.
Fig. 7. Distribution of the contact stresses.
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zone c on the heat ﬂux q for different values of the external pres-
sure P ¼ 36  104 (curve 1), P ¼ 64  104 (curve 2), P ¼ 84  104
(curve 3), and P ¼ 96  104 (curve 4). If the edge of the slip zone
is located within the groove (a 6 c 6 1Þ, then it is traced nonlinear
dependency. If edge of the slip zone exceed the bounds of groove
(c > 1Þ, then it is traced almost linear dependency. The size of slip
zone monotonically increases while the intensity of thermal load-
ing increases. The rate of the increasing is as larger as the mechan-
ical loading is lesser. The curves c ¼ cðqÞ possess the distinguishing
points of kink, which correspond to the intensity of the heat ﬂux
when the edge of the slip zones reaches the edge of groove
(c ¼ 1Þ. While the magnitude of the thermal loading exceeds the
kink point, the slope of curves c ¼ cðqÞ increases signiﬁcantly. This
effect can be explained by the fact that the normal contact stresses
reach their maximum value at the edges of the groove and rapidly
decreases in the region beyond the groove.
The relative tangential shift of boundaries U at the gap and slip
zones under the external loading P ¼ 84  104 for some values ofthe heat ﬂux, q ¼ 1:7  103 (curve 1), q ¼ 11  103 (curve 2),
q ¼ 13:8  103 (curve 3), q ¼ 16:7  103 (curve 4), is depicted in
Fig. 6. The relative tangential shift of boundaries increases with
increasing the heat ﬂux and reach its maximum value in the vicin-
ity of the edge of gap.
Fig. 7 illustrates the distribution of normal stress multiplied by
the friction coefﬁcient f jryj, where ry ¼ ry=G is shown by dashed
line, and tangential stresses jsxyj, where sxy ¼ sxy=G is shown by so-
lid curves 1 ðq ¼ 5:1  103Þ and 2 ðq ¼ 12:4  103Þ, at the contact
surface under pressure P ¼ 8:4  103. Beyond the groove, the nor-
mal stresses monotonically decreases with approaching the limit
value, which is equal to the value of the external loading applied
at inﬁnity. The normal stresses reach their maximum value at
the edge of groove. At the slip zones, the curves of tangential and
normal stresses (the latter ones are multiplied by the friction coef-
ﬁcient) coincide. Beyond the slip zones, the tangential stresses are
less than the normal stresses, multiplied by friction coefﬁcient, and
vanish at inﬁnity. The tangential stresses decrease while the heat
ﬂux increases. If the slip zones lie within the groove (a 6 c 6 b),
then the tangential stresses reach their maximum value at the
edges of slip zones (curve 1). If slip zones exceed the groove
(c > b) then the tangential stresses reach their maximum value at
the edges of groove (curve 2).
4. Conclusions
It is shown that, the dimensions of intersurface gap and the nor-
mal contact stresses are independent of the thermal loading when
the contacting bodies are made of the same material and they are
in the stick contact. On the other hand, the local slip is caused by
thermal factor only. The slip zones are adjacent to the gap region.
The size of slip zones and jump of tangential displacements in-
crease when the thermal loading increases. Moreover, the edges
of the groove, in which the normal contact pressure reach its max-
imum value, are some barrier points for extension of the slip zones.
If the slip zone is located within the groove, the dependence of
length of the slip zone on the heat ﬂux is nonlinear. The rate of
increasing the slip zone decreases monotonically with increasing
the heat ﬂux. If edges of the slip zone exceed the bounds of groove
this rate instantly increase, and the dependence of the length of
slip zone on the heat ﬂux becomes almost linear. The maximum
value of the relative tangential shift of boundaries is reached in
the vicinity of the edge of gap. The tangential stresses reach their
maximum value either at the edges of slip zones (if the slip zones
lie within the groove) or at the edges of groove (if slip zones exceed
the groove).
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